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1.0 SUMMARY

During this report period major efforts were directed tc (1)
development of a theorerical treatment of solubility, (2) measurements
of the vapor pressure of LiOd solutions, (3) measurzments of gas solu-
bilities in LiOH solutions, and (4) measurements of gas diffusivities
in KOH solutionms.

The "cavity" model has been extended to cover the solubility
of gases in concentrated solutions of electralytes and the predictions
of the theory have been compared with the experimental results for a
number of non-polar gases dissolved in KOH over a wide range of concen-
trations and temperatures. Agreement between theory and experiment is
good for small solute molecules; the results for sulfur hexafluoride
and neo-pentane disagree with theory by substantial amsunts, but the
agreement is much better than for other theories.

Vapor pressures over LiOid solutions have beer measured at
temperatures up to 6006 and at concentrations of LiOH to just over 10
wt. % by means of a dew point method. Agresment of these dava with
the few which are in the literature is very good.

The solubility of oxygen and argon in aqueous LiD¥ splurio:zs
has been measured over the temperature range 25-607C and a- 0% e
centrations up to near saturation. The solubility of these twe gazes
decreases substantially as either LiOH concentration or temperaturs
increases.

Measurements of the diffusivity of oxygen in KOH solurion

from 25 to 6OOC and of hydrogen at 25 and 40°C have been made . KOH



concentrations up to saturation using an electrochemical method based
on diffusion in a capillary. A semi-log plot of D vs species fraction
is approximately linear up to moderate KOH concentrations, but it
becomes curved towards flatness at high KOH concentrations, i.e., the
diffusivity tends to approach a constant value at high KOH concentra-
tions. A log-log plot of D/T vs 1/T is linear for all KOH concentra-
tions, over the temperature range so far studied.

2.0 SOLUBILITY OF GASES IN POTASSIUM HYDROXIDE SOLUTIONS - S. K. Shoor

In continuation of work reported previously, measurements of
the solubility of oxygen, hydrogen, helium, argon, sulfur hexafluoride,
methane and neopentane have been made at temperatures of 25, 40, 60,
80°C. Solubilities of oxygen and hydrogen have also been measured at
100°C. These data have been utilized in the evaluation of a theoreti-
cal model for solubilities of gases in concentrated electrolytic
solutions.

2.1 Theories of Gas Solubility

Theories of gas solubility in nonelectrolytic liquids have
been reviewed by Battino and Clever (1). Recently, Conway (2) has
summarized the important modifications of the electrostatic theories
for electrolytic systems. All of the electrostatic theories assume
the solvent to be a continuous medium and apply only to dilute elec-
trolyte solutions.

A cavity model based on scaled particle theory (3,4) has
been developed, and it can be used to predict gas solubilities in

concentrated potassium hydroxide solutions with moderately good




accuracy. We consider a mixture consisting of components 1,2, ----, m
b 3 3

(the solvent). Into this mixture a solute molecule o is introduced.
The real molecules are assumed to possess hard cores of diameter
Ayeeees @, a, Assuming that the total potential energy is the sum

of pair potentials, the following expression for chemical potential of

the solute can be obtained (5).

(rsé) 2
My lenpA + Zp f drf gaj(r,g)lmr dé¢  (2.1-1)
where A= py——— )
©. = number density of component j

b
uaj(r,ﬁ) = pair wise potential between solute and solvent component j

gOLj (rsg)

radial distribution function between solute and solvent
component j

Jer
I

a charging parameter (see ref. 14) which allows the solute
molecule to be coupled with the solvent.

We note that only interactions between the solute o and solvent of species
j are involved in this equation. In Equation 2.1-1 the lower and upper
integration limits of £ correspond to complete uncoupling and complete
coupling of the solute molecule, respectively.

The pair potential u (r €) is assumed to be of the following
form

uyg () = s (1) +us (1,8) (2.1-2)

where u (r,& ) and u (r,g ) are the hard sphere and soft portions of
the potential between solute and solvent component j, respectively, and
gh and gs are charging parameters for the hard and soft potentials,

respectively.




h aa+aj
uOLj(r) = o r aO(,j = (2.1-3)
h ~N
ng(r) =0
> r > aaj
s —
ua/j (rsgs) - E;'suocj(r)

By allowing gh to vary from O to %xj we ''charge up'" the hard
part of the potential. The term &h is the 'scaling' parameter (hence
the name 'scaled particle theory'); thus, when ﬁh = aaj the hard core
of solute a is fully coupled to the rest of the system. 65 varies from
0 to 1. When gs = 1, the soft part of the potential will be fully
coupled. A value of zero assigned to both &h and QS implies that
solute o is decoupled from the system.

The solute chemical potential may now be written

- 3 ,-h =
B, o= lenpaAa +e, te, (2.1-4)
where €h= o o g
I dt “J(r ) £ € =0)mrldr (2.1
ga—._pj‘/ hf—g—-—aj(r,hss-)ﬂrr (2.1-5)
j=1 ﬁh 0 A
é =1

[
M3

(r)g (r’€h=aaj’€s)4ﬂr2dr (2.1-6)

&8

- d
g; P3 f ¢
j=1

The charging procedure involved in Equation 2.1-5 is tantamount to first

aj

introducing a hard-sphere solute molecule of diameter a, - In evaluating

ga a solute molecule of diameter (-aa) is introduced, and then scaled

up to its full diameter aa,



For a vapor and liquid phase in equilibrium

G L
Hd =, (2.1-7)

G L
where Ko and M, are the chemical potentials of the solute molecule in the
gas and liquid phases, respectively. The chemical potential, ug, can be
written (5) as

6 o xm1 (3> + kT1nfC (2.1-8)
Hx n kT o ‘

where fg is the fugacity of the solute molecule in the gas phase.

By equating Equations 2.1-4 and 2,1-8 one obtains

8a g
1n (’ ~> = — +~—— + 1nkT (2.1-9)

The mole fraction is given by

Ra,
=—z——:
. pJ
]
where Py is the number of molecules of species i per unit volume

—=h -8

£ 8, &

[¢9 o (04

= = —— g = > -
. (vxa-> el 1n(ij pj) (2.1-10)

£ G G
(04 04 a RT
—_ = o o — + == 3 2.1-
1n (’x ‘> 2t T RT ln(V : nj) (2.1-11)
a ]
where 2 n. = number of moles in volume V.

i
From classical thermodynamics, we have




where Yo, is the activity coefficient of solute o in the solution and K
is the Henry's law constant defined as

lim £ =K x
o o o

jF1

Thus, Equation 2.1-10 can now be written as

=h -s
In(y K) = E& + = g + ln( Z n ) (2,1-12)
a o kT kT .

A

Evaluation of EZ:

From Equation 2.1-5 we have

0

h aJ Bu (r, ﬁ )
ga = p_] f _0 d& f_o _Sl—' g(r:gh9€ -0)47“: dr

By applying the treatment of Reiss et al. (3) to a mixture containing m

solvent components and assuming that the concentration of solute is very

low so that u = 0, it can be shown that
€h=aaj
—h 2
g = p G_.(r)4m"dr (2.1-13)
(o9 aj
Jﬁl 0

where Gaj(r) is the radial distribution function for solvent component j
around a solute molecule o when the two are in contact. The quantity on

the right hand side of Equation 2.1-13 can be shown to be equal to the
a

work of introducing a cavity of radius ?% into the solvent, which we

term W(aa/Z).



Reiss et al. (4) have obtained an expression for W(aa/Z)
from probability considerations based on the relation between the
probability of a configuration and the work of creating that con-
figuration (5). Thus

4 m %x+a,
W(a /2) = -kTln 1-=7 X L J P.
. Q 3 j=1 2 J

- for aa/2\< 0 (2.1-14)

From thermodynamic considerations, for very large r, the fol-
lowing expression for the work of formation of a cavity of radius r can

be written (2,3)

W(r) =

w [

71r3p + 4m200 [ 1 - 2r_<5 ] + f(pj,T) (2.1-15)

where p is the pressure, Ob is the interfacial tension between the fluid
and a perfect rigid wall, and & is a distance of the order of the thick-
ness of the inhomogeneous layer near the interface and accounts for the
curvature dependence of the surface work. f(pj,T) is an arbitrary func-
tion of density and temperature, not dependent on r.

For r positve but small, W(r) may be expanded in a Taylor
series about r=0 to give

1 3

‘ W(r) = W(0) + TW'(0) + 3 £2um0) + K, r> 0 (2.1-16)

Since W(r) and its first two derivatives have been shown (2)
to be continuous at r = 0, the first three coefficients of the series
can be evaluated by comparison with Equation 2.1-14. The coefficient

of the term in r3 can be obtained by comparison with Equation 2,1-15,



w2 ) 126, 18€2 2 2
ey [ B[] (2)
+_7T_< ) (2.1-17)

Evaluation of E;:

From Equation 2,1-6 we have

£ =1

S ]

m
-s _ s _ 2
ga = .Z pj J/‘ d&s J/N uaj(r)gaj(r,gh aaj,is)4ﬂr dr

jra g =0 a_.
s o]

%; can be decomposed as follows:

g =e - Ts; + pﬂi (2.1-18)

where Z;, ;; and ;Z are, respectively, internal energy, volume and entropy
associated with the charging of the soft potential.

At atmospheric pressure the term in ﬁi; can be shown to be small
and can be neglected in comparison to e (6,7). The entropy of charging
;2 is negative because the system becomes more organized upon charging.
Since it is difficult to make a quantitative estimate of this quantity,
it will be neglected as a firstapproximation. The quantity EZ can be.
obtained as follows: Consider a shell of thickness dr at a distance r

from the solute molecule. The number of particles of solvent component

j in this shell is given by



2
4rr d g (r
( r)pJgOU( )

If we neglect the volume and entropy terms we have

o [ve)
e ae = I u 47Tr2p g . (r)dr (2.1-19)
o o ) o j~aj
jRY,
aj

-8 . .
Evaluation of 8, by the above equation requires a knowledge of
- gaj(r), which is difficult to obtain for the systems studied here. As a
first approximation it will be assumed that solvent parﬁicles are uni-

formly distributed around the solute molecule for r larger than aaj,

i.e.,

gaj(r),= 1 r > aaj
Thus, 0

-s b 2

g R 2 p, u/a u _4mr dr (2.1-20)

- 04 . ?‘OL ] (0|
J a
aj

Interaction Energy

The interaction energy of the nonpolar solute molecule in an
aqueous potassium hydroxide solution consists of nonpolar and electro-
static interactions. It is assumed that for the systems studied here
the nonpolar interactions are adequately represented by Lennard-Jones

- 6-12 potential.

o_, 12 o, 6
U o [ <_OCJ.> - (—O‘l) ] (2.1-21)
o o r r

The following relations are assumed between pure component Lennard-Jones

parameters and those in a mixture:



L O 4o,

Eu,j = (caej) g . = (2.1-22)

The only electrostatic interaction which must be considered is the induced
interaction between a nonpolar solute molecule and the permanent dipole
of a water molecule., This interaction, after statistical averaging over

all possible orientations, is

o (sindu) _ -
Mg 3 (2.1-23)

where “1 is the permanent dipole moment of water molecule, and pOC is
the polarizability of the solute molecule. It may be noted that, since
ions have been assumed to be uniformly distribﬁted around the neutral
solute molecule, there is a spherically symmetrical charge distribution
around the former molecule. The field intensity due to such a charge
distribution at any point in the neutral molecule is zero. For this
reason there is no contribution due to the ion-induced dipole inter-
action.

Thus, the potential energy of interaction of the solute

molecule is

2
3 g . 6 o, 12 p_M
Su .= = 4e . (—“J—> - (ﬂ> ] - “61 (2.1-24)
aj  ap O r r .

Substituting Equation 2,1-24 into Equation 2.1-20 gives

% 6 12 00 2
- 3 o . O p_ M. dr
es = . 1671' Z p.e ) _g'-l - _g_'l dr - 47Tp &.
[0 .1 ] aj 4 10 1 4
3 . j=1 r r a . r
o] ]
3 Ogj qi? 4ﬂp1PaH§
= - 1671'[ Z p.E . (—-3—-—-5—> :!-———3—— (2.1-25)
j=1 3 % N3a’ 94’ 3a>,
aj al ol

10



—_— .
At a ., =0 ,, e can be written as:

oj o o
3 4p b
S 5,0, Lol (2.1-26)
o 9 _Tiajaj 3
j=1 3%11

2,2 Experimental Procedures

The experimental method used for the gas solubility measure-
ments has been previously described in detail by Gubbins, Carden and
Walker (10). It involved removal of dissolved gas from a 20 ml sample
of the saturated solutiom by stripping with carrier gas, followed by
gas chromatographic analysis.

In determining the solubilities of sulfur hexafluoride and
neopentane in solutions containing 31.6 wt 7% or more potassium hydroxide
the amount of dissolved gas was found to be too small to obtain accurate
results by the above method., For these systems the following modified
procedure was used. The stripped gas, after passing through drying
columns, was directed to a concentrator (a tube immersed in a liquid
nitrogen bath) where it was condensed from the carrier gas., The gas
stream from the concentrator was brought back to chromatograph temp- .
erature by passing through a stainless-steel coil immersed in a water
bath and it was then returned to the chromatograph.

The following procedure was used to make a measurement: A
sample of the KOH solution, saturated with the solute gas, was with-
drawn in a syringe and injected into the stripping cell, the concen-
trator having been previously cooled to liquid nitrogen temperature.

At the end of the stripping process (usually 5-10 minutes) the liquid
nitrogen bath was removed, whereupon the condensed solute gas evaporated

rapidly and passed through the chromatograph to give a sharp peak.

11



2.3 Experimental Results

Each experimental value is the mean of four or more replicate
measurements. The precision of the data reported here ranged from approxi-
mately 1% at the lowest KOH concentrations (solute mole fractions in the
region of 10-5) to about 5% for the most concentrated KOH solutions (10-7
to 10-8 mole fraction solute). The experimental solubility values in
water in Table 2,3-1 are compared with values from the literature; in
most cases agreement between experimental and literature values is bet-
ter than 2%.

No previous studies of the solubility in potassium hydroxide
solutions of helium, argon, sulfur, hexafluoride, methane and neopentane
seem to have been reported. However, several studies have been made of
the solubility of oxygen and hydrogen. Geffcken (11) measured solubili-
ties of oxygen and hydrogen at 15° and 25°C in solutions O to 1.4M in
KOH, and Knaster and Apel'baum (12) made similar measurements at 210,
45° and 75°C for KOH concentrations up to 10 M. Ruetschi and Amlie (13)
have measured solubilities of hydrogen for KOH concentrations up to 10M
at 300C, while Davis et al. (14) recently reported oxygen solubilities
at 00, 25° and 60° for KOH concentrations to 12 M,

To facilitate the comparison of the results of the present
investigation with those of previous workers and with theoretical rela-
tionships, the data for oxygen and hydrogen at 25°C have been converted
to an activity coefficient basis and plotted in Figures 2.3-1 and 2.3-2
in the form of a semi-logarithmic plot. This type of plot has been used

since most electrostatic theories of salting-out predict a linear rela-

tionship between the logarithm of activity coefficient and the molar

12




TABLE 2.3-1

SOLUBILITY OF VARIOUS GASES IN WATER

(g .mole/1liter) x 103

Solute 25°¢C 40°¢

Gas Expt. Lit. % Diff. Expt. Lit. % Diff. Ref.

02 1.246 1.263 -1.34 1,049 1.030 +1.84 15

H, 0.792  0.784 +1,01 0.713 0.733  -2.73 15

He 0.372 0.378 -1.59 0.371 0.372 -0.27 16,17

Ar 1.400 1.374 +1.89 1.102 1,071 +2.89 16,17

SF6 0.223 0.225 -0.89 0.151 - - 18

CH4 1.375 1.341 +2.,6 1.046 1.056 -0.95 15

neoCSH12 0.561 - - 0.378 - - -

Solute 60°¢C 80°%

Gas Expt. Lit. % Diff. Expt. Lit, 7% Diff, Ref.

02 0.875 0.869 +0.69 0.775 0.786 -1.4 15

H2 0.712 0.714 -0.28 - 0.714 - 15

He 0.391 0.392 -0.25 0.430 - - 16,17

Ar 0.919 0.913 - 0.820 - - 16,17

SF6 0.120 - - 0.103 - - 18

CH4 0.884 0.872 +1.37 0.779 0.789 -1.27 15

neoCSH12 0.264 - - 0.234 - - -

Literature value (Ref. 15) of solubility of 02 in water at 100°¢C = 0.758 x 10_3
g.mole/liter

Literature value (Ref. 15) of solubility of H, in water at 100°¢c = 0.714 x 10.3

g.mole/liter

2
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concentration of electrolyte, at least for moderate electrolyte concen-
trations. .The equations for calculating activity coefficients are given
in the following paragraphs.

Consider a nonideal liquid solution in contact with a vapor

phase. For any component i we can write
‘ L
£, = £, (2.3-1)
where superscripts G and L refer to the gas and liquid phases and fi is
the fugacity of species i. Subscripts 1, 2 and 3 denote water, solute

gas, and potassium hydroxide, respectively. 1In this work the pressures

are sufficiently low so that we can write

- 7y, (2.3-2)

where P is the total pressure and Yy is the mole fraction of solute gas
in the gas phase. To get the fugacity in the liquid phase we must first
specify a standard state and we choose for this a hypothetical liquid

state in which the solute is at infinite dilution in the solvent, i.e.,

Lim f2 = K2 X, (2.3-3)
Xy = 0
X, =0

where K20 is Henry's Law constant for the gas in pure water, fzo is the
fugacity of the dissolved gas, and x2o is the liquid phase mole fraction
in the water. The fugacity of the gas dissolved in the electrolyte

solution, using this standard state, is

L _ o -
fz = KyVp%, (2.3-4)

14



where 72 and X, are the activity coefficient and the mole fraction in the
electrolyte solution. For the systems studied here the values of X, are
low enough so that Henry's Law should be a good approximation. The term
(Kgyz) in Equation 2.3-4 should then be a constant, dependent only on

temperature and electrolyte concentration. Combining Equations 2.3-2 and

2.3-4 results in
Py, = K 2.3-5
2 272%) (2.3-5)

Since the pressure ianvolved is about one atmosphere, the gas phase fugacity
can be replaced by partial pressure.

Solubilities were determined at a total pressure of ore atmos-
phere, 1.e., Py = P-pt, where pt is the vapor pressure of water in equili-
brium with the electrolyte solution, and these were recalculated to a
basis of 1 atm of solute gas by assuming Henry's Law to be applicable.

An equation similar to 2.3-5 can be written for water and the two can be

combined to give
_xp(1)

Yy %, (1)

(2.3-6)

where x;(l) and xz(l) refer to the mole fraction of solute gas in water
and KOH solution respectively when the solute partial pressure is 1
atmosphere. In deriving this equation we note that 7; is unity because
Henry's Law is assumed to apply.

Activity coefficients calculated from Equation 2,3-6 are pre-

sented in Table 2.3-2

15



TABLE 2.3-2

ACTIVITY COEFFICIENTS OF SOLUTE GASES IN KOH SOLUTIONS

KOH
Concentration Activity Coefficient of Oxygen
WEE)H/(’ %ﬁg 25°¢ 40°¢c 60°c 80°c 100°¢
0,00 0.00 1,000 1.000 1.000 1,000 1.000
5.00 0.92 1.531 1.535 1.445 1.345 -
13.50 2,67 3.060 2.870 2,580 2,500 -
23,00 5.0 8.150 7.240 6.300 5.730 -
31.61 7.35 20,06 17.80 15.60 14.35 -
40,70 10,12 70,06 53.25 45.30 40,12 10,12
50.30 13.60 - 186.20 - - -
50.65 13.75 229.5 - 162.0 142.,8 13.75
56.50 16.20 - - - - 16.2
KOH
Concentration Activity Coefficient of Hydrogen
w&éné %T:Zrﬁ 25°¢ 40°¢ 60°C 80°%c 100°¢
0.00 o0.00 1.000 1,000 1.000 1.000 1,000
5.00 0.92 1.361 1,275 1.319 1.325 -
9.00 1.70 1.710 1.640 1.735 1.810 -
19.50 4,12 3.500 3.290 3.580 3.647 -
32.40 7.6 - 8.700 9.16 9,040 -
34,50 8.17 10.11 - - - -
38.00 9.27 - - - - 15.25
41.40 10.37 20.06 20.40 21.38 21.83 21,87
52.40 14.35 72,00 73.70 76.7 75.4 82.6
56.50 16.20 - - - - 107.5

16



TABLE 2,3-2 (Continued)

Conczgzration Activity Coefficient of Helium
we. % g.mole o o W o
ROH liter 25°C 40°C 60°C 80 ¢
0.00 0.00 1.000 1.000 1,000 1.000
5.00 0.92 1.385 1.360 1.385 1.440
9.00 1.70 1.745 1.725 1.955 1.885
19.00 3.99 3.570 3.710 3.590 3.770
32.40 7.60 13.10 12,65 12.95 13.70
KOH
Concentration Activity Coefficient of Sulfur Hexafluoride
We. % g.mole o o o R
KOH liter 25°C 40°C 60°C 80°C
0.00 0.00 1.000 1.000 1.000 1.000
5.00 0.92 2,150 1,968 1.880 1.730
13.50 2.67 7.441 6.530 5.881 4,910
23.00 5.00 43,20 31.90 26.60 22,61
31.6 7.35 234.,0 145.5 112.0 84.20
KOH
Concentration Activity Coefficient of Argon
w1t<6H/° %ﬁ% 25°C 40°¢ 60°¢C 80°c
0.00 0.00 1.000 1.000 1.000 1,000
5.00 0.92 1.557 1.480 1.395 1.320
13.50 2.67 3.180 2.810 2.590 2,481
23.0 5.00 7.681 6.925 5.851 5.570
31.61 - - - 14.480 13.370
32.40 7.60 22.80 - - -
36.60 - - 31.60 - -
40,70 - - - - 30.02
41,40 10.37 70.31 58.20 46.10 -
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TABLE 2.3-2 (Continued)

KOH
Concentration Activity Coefficient of Methane
We. % g.mole
KOH liter 25°% 40°¢c 60°¢c 80°¢c
0.00 1.000 1.000 1.000 1.000 1.000
5.61 1,03 1.658 1.505 1.480 1.392
13.90 2.77 3.640 3.140 2,831 2,500
23,50 5.13 10.21 8.081 6.901 6.220
31.61 7.35 26.70 19.80 16.65 14.38
40,70 10.12 100.00 63.40 49.60 38,02
KOH
Concentration Activity Coefficient of Neo-Pentane
wWt., % g.mole o o o o
KOH liter 25°C 40°C 60 C 80°C
0.00 0.00 1.000 1.000 1.000 1,000
5.61 1.03 2.180 2.170 2.64 1.935
13.90 2.77 8.910 7.871 6.80 5.940
23,50 5.13 56.10 42 .00 33.00 28.60
31.61 7.35 288.0 219.5 158.0 137.5
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Figure 2.3-1 shows that hydrogen solubilities obtained in this
work at 25°C are in fairly good agreement with those of other workers.
Agreement with the results of Geffcken (11} is within 2% aund with those
of Knaster and Apel'baum (12) is within 10%. For dilute KOH solutioms,
the reported results agree within 3% with those of Ruetschi and Amlie (13).
However, the values of activity coefficients obtained by them are consis-
tently lower than those reported here, and these discrepancies are as
large as 10% for the higher KOH concentrations, At temperatures of 40
and 6OOC, the disagreement between the reported results and those of
Knaster and Apel'baum (12) is also withinm 10%,

Figure 2.3-2 reveals that the 25°%¢c oxygen solubility values
obtained in this work agree within 2% and 5% with those obtained by
Geffcken (11) and Davis et al. (14), respectively. The experimental
results of these investigators are distributed on both sides of the solid
line of Figure 2.3-2. The agreement with the results of Knaster and
Apel'baum (12) is quite good at very low and very high concentrations;
however, at intermediate concentrations the disagreement is quite
marked, the results of Knaster and Apel'baum falling consistently below
the solid line. At temperatures other than ZSQCS the values reported for
oxygen by various workers differ appreciably, the disagreement beéing quite
pronounced even at low potassium hydroxide corcentrations. For example,
the solubility value reported by Davis et al. (14} in pure water at 60°C
differs by about 20% from the currently accepted literature value (15) and
this suggests that discrepancies may be present at other concentrations
also. The agreement of the results reported here with those of Knaster

and Apel'baum (12) at 40 and 60°C is of the same general nature as at 25°¢.
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2.4 Test of Scaled Particle Theory

The scaled particle theory was used to calculate theoretical
values for the solubility of various gases in potassium hydroxide solu-

tions. The following equations developed earlier are used to make these

calculations
—_ Zh ES
e e ¢ RT -
ln(yagx) =it T + 1n(V 2z nj) (2.1-14)

4 _p_ aa >
+End <3_> (2.1-19)
=1 1
where Ql =3 ; (aj) Pj
J
3 4mip . p K 2
BT =-2y 556 O - —Lel (2.1-26)
a (o8 9 ._4 jai aj 3
j=1 3q11

Evaluation of the free erergy of making the cavity, gOc requires
a knowledge of hard sphere diameters and density of the solvent (potassium
hydroxide solutions). The densities of potassium hydroxide solutions were
i obtained from the literature (8,9). The hard sphere diameters of the
various species were computed as shown below,

Calculation of 0 for water

The value of ¢ for water was obtained by Pierotti (7} by the
N following procedure. Since Ez.is related to the polarizability of the
solute molecules (Equation 2.1-26; it will be shown later that the first

term of this equation is also related to polarizability), a plot of

experimental values of 1n(w&ﬁd) against the polarizability, P> of
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spherical solutes (the rare gases) should be a smooth curve. Figure
2.4-1 shows such a plot for the solubility of rare gases in water. It
was shown by Pierotti (6) that the extrapolation of such a curve to
zero polarizability was equivalent to obtaining the solubility of a

)
hard sphere of diameter 2.58 A . This was expressed as:

_h
24
0 [0 RT
. o~ (o = —— 4 LN " -
Lim ln(;aKa) °T ln(V by Lj) (2.4-1)
P, >0

g —2.58 a°
where (jaKa)o is the Henry's Law constant for a hypothetical solute
having a hard sphere diameter of 2.58 A%, Thus O for ater was cal-
culated by means of Equation 2.4-1 using a value of 2.58 A° for qy
and the experimental value of (YaKa)o at 2500° This value is shown
in Table 2.4-1. 1t may be pointed out that C calculated by the above
procedure will vary somewhat with temrerature. However, initially
results will be calculated using 7: constant O calculated above (250C),
and the temperature dependenc: . U will be discussed later.

U _for JTons

This parameter is not available in the literature. It seems
appropriate, however, to take 0 as twice the value of crystal radius of
the ion. Since crystal radii of ions are difficult to determine, there
is considerable disagreement between the values reported by various
workers, For this reason 0 values for K+ and OH were obtained as fol-
lows: Equation 2.4-1 was written for 10 and 20% KOH solution at 25°¢

and then, by using Uy o 28 calculated earlier and qx as 2.58 AO, these
2
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two equations were solved simultaneously to obtain O for K+ and OH . It
may be noted that these equations were not solved in a rigorous manner but
by a trial and error procedure using ¢ for ions in the first trial as
twice the value of crystal radii. The values obtained are listed in Table
2.4-1. As in the case of water, the ionic diameter O obtained by the
above procedure varies with temperature. These variations will be dis-

9 . . . . .
cussed later. The values of =- for ions as obtained above are quite dif-

2
ferent from hydration radii. Tn addition the value of g.for the hydroxyl
ion, 1.30 A% is much larger than ° « value U.486 A" obtained from ionic
mobility measurements. The abnormally low value of the radius calculated
from ionic mobility for the hydroxyl ion is‘due to tt  ipecial mobility
("proton-jump") mechanism of these ions. This mechanism was discussed

by Bernal and Fowler (19).

g for Solute Gases

The values of O for solutt ases were obtained from reference
(22) and were the same as used b .srotti (6). They had been calculated
from second virial coefficien-: and are tabulated in Table 2.4-2.

Calculation of the free energy of introducing the solute mole-
cule into the cavity, g;, by means of Equation 2,1-26 requires a know-

ledge of the energy parameters, €/k for all the species involved.

c/k for Water

No single best value of ¢/k for water can be found in the lit-
erature. Values ranging from 167°% to 7750K have been reported (6), but
none of these seem consistent. Pierotti (6) obtained the value of €/k

for water from the solubility of various gases in water, using Equation
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TABLE 2.4-1
PROPERTIES AND PARAMETERS FOR SOLVENT SPECIES

Solvent Parameter Polarizability Parameter Dipole Moment
Species g, A° P X 1024 cm,3 e/k, °x i, Debye
H,0 2.75(3) - 85.3(") 1.84
K 2.60(P) 0.835(¢) 239 (®) -
OH 3.30(P) ' 1.83(® 137.2(P) -
(a)' Reference 7 (b) Calculated in Fhis work

(¢) Reference 20

TABLE 2.4-2
PROPERTIES AND PARAMETERS FOR THE SOLUTES

Parameger Paramgter Polariﬁgbiligy
Solute g, A e/k, K p x 10 cm,
Hard Sphere 2.58 0 0
He 2.63 6.03 0.204
H2 2.87 29.2 0.802
Ar 3.40 122 1.63
02 3.46 118 1.57
CH4 3.82 137 2,70
SF 5.51 200.9 6.21(2)
neo-C_H 7.44 232.5(P) 10.36 (>
5712
(a) Reference 20 {(b) Reference 21

All other parameters have been obtained from
Reference 23
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2.1-14, Since we are using the same general theory as Pierotti, the
same value ofe/k for water will be used. This value is shown in Table
2.4-1.

c/k for Ions

The parameter €/k for ions does not seem to have been reported
in the literature. However, it is possible to estimate this parameter
from various theories of dispersion interactions (24,25). The theories
of London and Mavroyarnis-Stephen are commonly used for this purpose.

According to the London thizory

11
S ooz3lalien (L (2.4-2)

oj 2 1 +I, 6

a ] r

where uij is the dispersion interaction between the solute molecule and
the solvent species j. %x and Ij are ionization potentials of solute
and solvent species, respectively. According to the Mavroyannis-Stephen
theory

a.e

2’55
0 %‘x J : (—%) (2.4-3)
_ﬁa -I'SJ' r
&) @)
a j

where ﬁd and ﬁj are respectively the polarizabilities of species o and j

d _ -3
Yi © 2

aj

in the mixture. Z is the total number of electrons in a particle, a, is
o .
the Bohr radius and is equal to 0.5292 A", and e is electronic charge.

The dispersion interaction from the Lennard-Jones 6-12 potential is

d 6 1
= - ! — 2 4=
uj 4€j0 3 (r6> (2.4-4)
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On comparing Equations 2.4-2 and 2.4-4, and Equatinuns 2.4-3 and 2.4-4, we

obtain
) 11
6 3 o] -
j = - 2' -
(XJOCX,j 5 pOLpJ Ia - (London) (2.4-5)
and 2
6 3 %€ Eipi
dej =3 (Mavroyannis-Stephen)

() (@)

For like-pair interactions, these equations become

4606 = f le (London) (2.4-7)
4606 = % afezpi/zz% (Mavroyannis~Stephen) (2.4-8)

To compare the validity of the above dispersion theories, Equations 2.4-7
and 2.4-8 were used to calculate €/k parameter for molecules such as 02,
Ar, etc. London's theory was found to yield values which were much smal-
ler than those commonly reported in the literature (22). On the other
hand the values calculated by the Mavroyannis-Stephen theory were in very
good agreement with literature values. According te Reed (24), for mona-
tomic gases, the Mavroyannis-Stephen expressions reproduce the empirical
parameter €/k quite accurately. Thus, in this work Equation 2.4-8 is

used to calculate ¢ for ions. After substitution of the values of ao and

e this equation can be written as

3.146x10" 1253/ 2;1/2

c - — (2.4-9)
o

+ -
To calculate € for K and OH by means of the above equation,

we need the polarizability, Py of these ions. The polarizabilities of
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most ions have been tabulated in the Landolt-Bornstein Tables (20). How-
ever, the polarizability of OH was not available in the literature, and
was calculated from molar refraction data by the following procedure
(26,27):

The energy quantity corresponding to the second order Stark

effect of a system is

2

b

1
AE = = 5 P €

and the electric moment induced in the system is
(ind)
K = pe

The polarization, P in unit volume can be expressed in terms of the index

of refraction n as

~

(ind) _

<=2
W
=]
1
=

P =€- VA € (2.4-10)

n +2

The molar refraction R is defined by the equation

2 ~
R =V n2-1 - %FN_ p (2.4-11)
n +2
or
p =B o _ZR_SA x 100%% cm.3 (2.4-12)
47N ’

Molar refraction data for OH were obtained from reference (19). The
polarizability value of OH calculated by the above procedure is shown
in Table 2.4-1. Also included in this table are €/k parameters for K+
and OH calculated by means of Equation (2.4-9).

e/k for Solute Gases

For most of the solute gases €/k parameters were obtained from

the compilation of Hirschfelder, Curtiss and Bird (23). These authors
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have listed Lennard-Jones parameters obtained from second virial coef-
ficient and viscosity data. The former were used in this work. These
parameters together with the polarizabilities of the solute gases have
been tabulated in Table 2.4-2.

The values of 1n(yaxa) for various solutes calculated by scaled
particle theory are compared with experimental values in Table 2.4-3.
It is seen that at 250C, the agreement is very gond except in the case
of large molecules like SF6 and neo~CSH12° In most cases the agreement
between the theoretical and experimental values of the quantity yaKd
(inversely proportional to solubility) is better than 15%. 1In the case
of SF6 and neo-CSle, it should be noted that the theoretical values of
ln(w&Ka) for the solubility of these gases in water are lower and higher,
respectively, than the corresponding experimental quantities. This trend
continues even for potassium hydroxide solutions. A possible explanation
for these discrepancies may be as follows: Firstly, since the Lennard-
Jones parameters, O and €/k, are not known accurately for various sub-
stances, they might be significantly in error for these large molecules.
Since the calculated values are very sensitive to O values, a small
error in this parameter can result in an appreciable error in lanxgx).
Secondly, the various assumptions involved in the theory might not be
justified for these systems. These assumptions are discussed below.

It should be recalled that the only assumptions involved in

the calculation of the free energy of making the cavity, gg are that

(i) the molecules are composed of an inner hard core and an outer soft

part, (ii) the hard core diameter is temperature independent. By
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calculating the solubility of a hard sphere solute of diameter 2.58 A°
in various solvents Pierotti (6) has shown that these assumptions cause
little error at 25°C. The following assumptions were made in the calcu-
lation of the free energy of introducing the molecule into the cavity
=S

8y°

(i) The ﬁ;; contribution to the free energy is assumed negligible.
It has been shown by Pierotti (6) that ;Z is a small negative number
for weakly interacting solutes, and should become larger as the inter-
action energy increases. Since we are concerned with a pressurevof the
order of only one atmosphere, neglecting bqi should cause a negligible
error.

(ii) The second assumption was that TEZ can be neglected as com-
pared to ;Z. It is difficult to determine this quantity, but it is
known that ;z will be negative., Since the system becomes more organized
if the interaction energy is large, T;Z will make a significant contri-
bution for strongly interacting solutes. For most of the solutes con-
sidered, the interaction energies are not large and therefore neglecting
T;; should not cause a very significant error. However, for SF6 and neo-
C5H12 these energies are quite high and appreciable error may arise from
neglecting T%;.

(iii) The third assumption which was made in the calculation of
E; was that the radial distribution functions gaj(r) are equal to unity
for r > aaj. Since gaj(r) is a function of the interaction energies,

this assumption should not be very good for strongly interacting mole-

cules like'SF6 and neo-CSH12. For such molecules the solvent species
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cannot be uniformly distributed arcund the solute, and some function
should be assumed for gaj(r)°

(iv) The fourth factor which seems likely to be a cause of dis-
crepancies is the form of the nonpolar pair-potential assumed. The
Lennard-Jones potential was assumed to hold for all nonpolar inter-
actions. However, for molecules such as SF6 and neopentane the pair

interaction might not be adequately described by this potential.

Predicted Concentration Dependence.

From Table 2.4-3, it is seen that the concentration depen-
dence of the solubility of various gases in potassium hydroxide solu-
tions is predicted quite accurately, except for very large molecules such

as neo-C_H

sHyo- The main factors which might be the cause of the dis-

crepancies in the case of large molecules have already been discussed.
In all cases, both the predicted and experimental values of ln(waKa)
increase with increase in potassium hydroxide concentration. To facili-
tate the discussion of the concentration dependence of the solubility,
the experimental and calculated values of ln(WdKa) for the solubility
of oxygen have been plotted versus potassium hydroxide concentration
in Figure 2.4-2, (The agreement between theory and experiment for this
system is neither the best nor worst for the system studied.)

Results predicted by the electrostatic theories of Debye-
McAulay (28) and Conway (2) are also included in this figure. It is
seen that the scaled particle theory gives very good agreement for
the concentration dependence. The calculated values are slightly lower

than the experimental values for low and moderate potassium hydroxide
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concentrations, whereas at very high concentrations the predicted values
are higher than the experimental values. The discrepancies in the results
may be due to the assumptions discussed earlier. 1In addition, a small
error in the choice of the parameter 0 for the ions will introduce a large
error in the results for concentrated solutions. The theory of Debye-
McAulay (28) gives much lower results than the experimental values. On
the other hand, the theory of Conway (2) gives fairly good results up

to 207 KOH concentration. At higher concentrations, however, the expres-
sions of Conway become invalid and predict a negative solubility.

Predicted Temperature Dependence

The results calculated from the scaled particle theory for the
solubility of various gases at 80°C are also shown in Table 2.4-3. The
agreement between the experimental and the calculated values is quite
good for most of the solutes. As before, the agreement is poor for the
case of SF_ and neo-C_H

6 5712°
the solubility results for oxygen in 207 KOH have been plotted against

To examine the temperature dependence of

absolute temperature in Figure 2.4-3. 1t is seen that the temperature
dependence predicted is too large. To make a quantitative assessment
of the temperature dependence, partial molal heats of solutions, Aﬁz
were calculated, and these values for O2 are tabulated in Table 2.4-4,
It is seen that the absolute magnitude of the calculated values of Aﬁz
is much higher than the experimental values. Similar discrepancies
are present in case of other solutes. .
The differences in calculated and the experimental values

can be explained as follows: it has been mentioned earlier that the

hard sphere diameter for various species is a function of temperature
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(see also referencesz (29) and (30)). By caleculating the solubility of hard
spheres of diameter 2.58 A° (zero polarizability) in water it was found
that the theory predicts a decrease in the 0 value for water (see reference
16). The value of O for water obtained at 80°C was 2.74 A° as against

2.75 at 25°C. This implies that O for all the species involved will de-
crease slightly at 800C. Although this decrease is very small it results
in a significant error in the results. To examine the effect of the
change in O values at higher temperatures for various species, the solu-

bility of O, in 207% KOH solution was calculated by allowing U to vary

2
with temperature (see Table 2.4-5). The 80°C values shown for o for
ions and oxygen were estimated by assuming their diameters to decrease
with temperature in a proportionately similar way to that of the water
molecule diameter. Appropriate values of O for temperatures inter-
mediate between 25 and 80°¢c were obtained by interpolating between

the values shown.

The results obtained are plotted in Figure 2.4-3. It is seen
that these G values lead to a more correct temperature dependence for
the oxygen solubility. 1In the case of SF6 and neo-CSH12, the decrease
in O will be still larger and will therefore introduce appreciable

errors in the results at higher temperatures, as is observed in Table

2.4-3,
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TABLE 2.4-4
Aﬁz FOR 0,/207% KOH SOLUTION, cal,(gumole)-l

Temperature Expt. Theory
°c
25 -1100 -2020
. 40 - 812 -1770
60 - 635 -1325
) 80 - 446 1097
TABLE 2.4-5

PARAMETER O FOR SOLVENT SPECIES, A°

Solvent Species 25°¢ 80°¢
o, 3.46 3.45
H,0 2.75 2.74
K 2.60 2.59
OH 3.30 3.28
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Comparison of the EKlectrostatic Theories and the Proposed Cavity Model
Based on Scaled Particle Theory

(1) The most striking difference between the two principal types
of theories is that whereas the Debye-McAulay and Conway theories can satis-
factorily predict salting-out effects only up to 5% and 20% KOH, respec-
tively, the proposed cavity model gives very satisfactory results for
potassium hydroxide concentrations up to 50%.

(2) The electrostatic theories enable one to calculate the
solubility of the solute in an electrolytic solution only if the corres-
ponding solubility in water is known. On the other hand, the proposed
cavity model gives the former quantity directly.

(3) The temperature dependence of the solubility can be fairly
satisfactorily calculated by the cavity model whereas electrostatic theor-
ies cannot attempt such a calculation because the parameters needed for
these theories are usually not available at higher temperatures.

(4) The proposed cavity model should be able to predict the
observed salting-in phenomena in cases when the total molecular polariza-
tion of the solute is less than that of the solvent. 1In such cases the
electrostatic theories predict that salting-out should occur. In fact,
Bockris et al. (31) recognized the importance of nonpolar interactions
in a solute/electrolyte system and accounted for the salting-in of ben-
zoic acid by tetra alkyl ammonium iodides in aqueous and ethylene glycol
solutions by considering Van der Waal's forces between the solute and
the ions in addition to the coulombic forces.

(5) The electrostatic theories are difficult to use because

the parameters involved are difficult to obtain accurately. On the other
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hand, the cavity model contains parameters which are either easily avail-
able or can be calculated with adequate accuracy and without undue diffi-
culty.

In addition to the above obvious advantages of the cavity model,
based on the scaled particle theory, over electrostatic theories, there
is an important conceptual advantage: The proposed model is simple, easy
to visualize and starts with fairly rigorous equations of statistical
mechanics. The solubility of a gaseous solute in organic solvents (6),
water (7) and electrolytic solutions can be explained in terms of single
theory involving no assumptions concerning the structure of the solvent.
Electrostatic theories, on the other hand, start with the basically
incorrect assumption of a continuous medium, are difficult to conceive,
and become still more obscure when the ideas concerning the structure
of the solvent, hydration shells, and dielectric saturation effect are
introduced.

The proposed model raises an interesting point. The fact that
the ions are charged does not appear to affect the solubility process to
a significant extent. The difference between the solubility phenomena
in electrolytic solutions and pure water appears to lie in the fact that
the former contains a number of particles (ions) having molecular para-
meters which are different than those of water. The nonpolar interactions
between the solute and the ions are found to be the only interactions
which are important. This is in contradistinction to earlier viewpoints
(1) in which the electrostatic interactions and hydration effects were

supposed to be mainly responsible for salting phenomena.
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3.0 DIFFUSION COEFFICIENTS OF OXYGEN AND HYDROGEN IN POTASSIUM HYDROXIDE
SOLUTION - M. K. Tham

Measurements have been made of the diffusion coefficients of
. . . o o o .
oxygen in potassium hydroxide at 257, 40 and 60 C, and at concentrations

up to saturation. Also, diffusion coefficients of H, at 25° and 40°C

2
have been measured for the same concentration range.
Slight changes in experimental procedure have been made after

the Fourth Semi-Annual Repert,

3.1 Experimental Procedures

3.1,1 Presaturation of Gases ¢

The oxygen and hydrogen gas used in the experiments were
presaturated with water vapor by bubbling through two presaturators before
introduction into the diffusion cell. The presaturators were filled with
potassium hydroxide of the concentration being studied, and controlled at
the same temperature as the solution being measured. An oil bath was used
for controlling temperature in order to prevent any interference from other
electrical instruments (inadvertent spillage of KOH has occasionally posed
a few problems).

3.1.2 Procedure

The oxygen or hydrogen gas, presaturated with water vapor,
was bubbled through the solution in the diffusion cell for thirty to forty
minutes. The gas-saturated solution was then drawn into the pretreated
capillary electrode by means of a hyperdermic syringe, after which the
bubbling of gas was stopped, and the solution was allowed to equilibrate
with the surrounding medium for five minutes before the measurement of the

current was begun, Using a Sargent Model XV recorder-polarograph, the
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current-time curve was recorded for 18 to 20 minutes while applying a
constant voltage. The voltage applied, which corresponds to the voltage

for concentration polarization to take place, was 0.4 to 0.65V for oxygen
and +0.1 to 0.2V for hydrogen with respect to a saturated calomel electrode.
After each measurement, gas was again bubbled through the solution for five
minutes, during which time the pretreatment procedure was repeated. Then
the capillary was refilled with fresh solution, and the measurement was
repeated. Five to six repetitions were made for each experiment, and

the arithmetic mean of the current measured was used for calculating the

diffusion coefficient by means of the following equation

AR
_<nFCA>”t

where i = current in amperes
n = number of Faradays of electricity required per mole
of electrode reaction
= Faraday
concentration of diffusing material
cross-sectional area of diffusion path
= time at which the current is measured

]

>0
n

To measure the residual current, nitrogen gas was bubbled
through the solution, thus stripping out the diffusing gas, after which
the same procedure as that for measuring diffusion current was followed.
The stripping and measuring were repeated until there were no changes
in residual current for two successive measurements.

3.1.3. Pretreatment of Electrodes

The platinum electrode was pretreated according to the
procedure suggested by Damjanovic et al. (32). Before sealing the
platinum disc, it was first washed with acetone, distilled water, con-

centrated sulfuric acid and again with distilled water. To remove
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sulfate ion, the electrode was immersed in potassium hydroxide for 15
minutes. Before each measurement, the electrode was cleaned by means

of cathodic evolution of hydrogen. When measuring hydrogen diffusivity,
the electrode was polarized at a potential of -0.2V vs. saturate calomel
electrode for a period of 1 minute to activate the platinum (33).

3.2 Results and Discussion

The diffusion coefficients of 02 and H2 are tabulated in Tables
3.2-1 and 3.2-2, The deviations are standard deviations from the arith-
metic mean for 5 to 6 measurements. The data are plotted against weight
percent potassium hydroxide in Figures 3.2-1 and 3.2-2, and against
species fraction in Figures 3.2-3 and 3.2-4. The existing data for the
same system were also shown in Figures 3.2-1 and 3.2-2. The values of
diffusion coefficients at 25°C are only slightly less than those of
Tobias et al. (34), but those at 60°C differ significantly. This may
be attributed to the difference in the value of solubilities used.

(See Figure 2.1, Fourth Semi-Annual Report.)

The values of diffusion coefficients for HZ at 30°C as measured
by Ruetschi (35) are quite different from the values measured in this
work, No comparison can be made at this time since both the method of
measurement and the solubility data (see Figure 2.2, Fourth Semi-Apnnual
Report) are different.

In Figures 3.2-3 and 3.2-4 the values of diffusion coefficient
were plotted against species fraction., According to Ratcliff (36) and
K. K. Bhatia (37), all the points should be on a straight line. It can

be seen that the data deviate from a straight line, especially for the
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higher electrolyte concentration data, which suggests that the simple
theory does not hold well for concentrated solutions.

The Eyring equation predicts that a plot of 1n (%) Vs % should
give a straight line. Such a plot is shown in Figure 3.2-5, which gives
reasonably straight lines for various KOH concentrations; however, it

should be noted that too few temperatures have been studied to give a

good test of theory.
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DIFFUSION COEFFICIENTS OF OXYGEN IN

TABLE 3.2-1

D x 105,cm.28ec.

KOH SOLUTION

Concentration,
Wt_% KOH 25°¢
3.5
5.0
6.0 1.4540.018
10,2 1.18+0.02
13.0
19.0 0.8540.015
26.0 0.6+0.018
32.5
40.2 0.440.01
42.5
51.5 0.340.012
Concentration,
Wt_7% KOH
5.0
13.0
24,0
32.5
42.5
51.5

40°¢

2.46+,02

1.754+0.01

1.25+0.019
0.90+0,01

0.57+0.02

0.45+0.015

TABLE 3,2-2
DIFFUSION COEFFICIENTS OF HYDROGEN IN KOH SOLUTIONS

60°C

3.440.012

2.45+0.021

1.8+0.016

1.0540.02

0.85+0.01
0.72+40.01

D x 105,cm.2/sec.

25°¢
.140.015
.36+0.02
.85+0,01
.55+0,023
.2540,01
.1040,01

o = N W

45

40°¢c
.6+0.028
.6+0.017
.7440,01
.4+0.01
.9540.02
.840.01

= NN W
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4.0 VAPOR PRESSURES OF LITHIUM HYDROXIDE SOLUTIONS - Jatinder Jolly

In order to measure or predict the solubility of oxygen and
hydrogen in lithium hydroxide solutions it is necessary to know the
exact vapor pressures of LiOH solutions at various LiOH concentrations
and temperatures. As few such data are available in the literature, a
suitable method was developed to measure the required data.

Several methods were studied and finally it was decided to
adopt Cumming's (38) dew point method, suitably modified. It is
believed that this method gives an accuracy of about 0.01°C, and the
measurements can be extended to high vapor pressures. The method is
also suitable for measurements over a large range of concentrations,
It is a matter of indifference when using this method whether the system
studied is liquid or solid.

4,1 Apparatus

The apparatus consisted of a highly polished silver tube with
closed end, which was silver-soldered to a stainless steel sleeve and
closed at the top with a screwed cap. A thermometer (O.OIOC accuracy)
and tubes, through which water was circulated to and from a constaﬁt
temperature bath, were inserted through the cap. Two different outer
enclosures were designed to suit different ranges of temperature and
pressures. For vapor pressures up to 1 atmosphere the silver tube was
fitted into a glass vessel o ntaining the solution, as shown in Figure
4.1-1. One of the outlets of the glass container was connected by means
of a vacuum glass stopcock to a vacuum pump to evacuate air from the
system, The other outlet was connected to a manometer. Though the

presence of air does not measurably affect the vapor pressure, the
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formation and disappearance of dew is much sharper and more readily
observed when air is absent. Sharpness of dewpoint is governed by
the speed with which equilibrium is again set up after dew has been
deposited or evaporated from the silver tube.

For higher temperatures and pressures, the silver tube was
held as shown in Figure 4.1-2 in a stainless steel Tee, with the
solution contained in a copper block extending from the bottom flange.
The copper block was heavily silverplated, and it held about 40 ml of
the solution. A side tube from the Tee could be connected with a
vacuum pump.

4,2 TExperimental Procedure

Twenty ml. of solution was placed in the glass container
(Figure 4.1-1), the silver tube affixed, and the apparatus evacuated.
The vacuum pump was cut off and the evacuated apparatus was placed in
a constant temperature bath, where it was allowed to remain until
equilibrium was reached. A period of 30 minutes was found to be suf-
ficient for this purpose. Hot water was circulated in and out of the
silver tube from another constant temperature bath,

After equilibrating, the temperature of water being circulated
in the silver tube was slowly reduced with the aid of the thermostat of
the water circulating bath. The temperature was noted when the first
traces of dew were formed on the silver tube. Thermometers used were
high precision with 0.05° calibration up to 40°C; for higher tempera-
tures, the thermometer used had 0.0loC calibration, These thermometers
were standarized against National Bureau of Standards corrected ther-

mometers. Dew was made to disappear by slowly raising the temperature
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of the circulating water and the measurement then repeated. Using a
highly polished tube, the point of appearance of dew with falling temp-
erature was found to agree within O.OSOC with the point of disappearance
of dew with rising temperatures. The values reported are the mean of
these two values. 1In every determination the observation of dew-point
was carried out at least three times, allowing a period of 15 minutes to
elapse between each observation for equilibrium to be re-established.
Determinations were not accepted unless the three results agreed within
O.OSOC. The LiOH solution was standardized before and after the experi-
ment with HCl, These dew-point temperatures were used to determine the
vapor pressure from standard tables of vapor pressure of water in the
literature. The vapor pressures over lithium hydroxide solutions are
tabulated in Table 4.2-1 and are plotted on Figure 4.,2-1,

4.3 Experimental Results

The only literature data available for aqueous lithium hydroxide
solutions (39) are for 2500, and the results reported here agree very well,
as may be seen in Table 4.2-1. The results at 40° and 60° are based on
one experiment only; additional experiments will be performed to confirm
the results at these temperatures. However, as extrapolated values at
zero concentration compare favorably with the water vapor pressures at
that temperature, these results appear to be satisfactory. Figure 4.3-1
shows a semilog plot of vapor pressure vs. reciprocal temperature. The
linearity shown provides additional evidence concerning the accuracy of
the data reported.

The work is being continued to get vapor pressures at higher

temperatures.
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TABLE 4.2-1
VAPOR PRESSURES OF LITHIUM HYDROXIDE SOLUTIONS

Temp.oC Wt. % LiOH Vapor Pressure Vapor Pressure
EXpt . Lit. (39)
25°¢ 0 23.75 mm Hg 23.756 mm Hg
1.9 123.14 23.15
3.85 22.56 22.55
6.45 21.54 21.54
8.05 21.12 21.10
10.10 20.30 20.30
40°¢ 0 55,32 55,32
1.9 53.88
3.85 52.16
8.05 49.02
10.10 46.58
60°¢C 0 149 .28 149 .38
2.4 144.11
4.82 139.79
8.52 132.82
10.2 129.13
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5.0 SOLUBILITIES OF GASES IN LITHIUM HYDROXIDE SOLUTIONS - Jatinder Jolly

Solubilities of oxygen and argon in aqueous lithium hydroxide
solutions have been measured at temperatures of 25, 40 and 60°C.

5.1 Experimental

The apparatus and experimental procedure used in these measure-
ments was essentially the same as described in the Second Semi-Annual
Report (40), with subsequent improvements given in the Third and Fourth
Semi-Annual Reports (41,42).

5.2 Results

The experimental data for solubility of oxygen and argon have
been tabulated in Table 5.2-1. As vapor pressure readings are needed to
determine the solubility, these solubility measurements will be recal-
culated after doing more work on vapor pressures. In almost all cases
the solubilities are the mean values for four or more replicate measure-
ments. The absolute accuracy of the data is difficult to estimate as no
data are available in the literature; however, a comparison of values
of the solubility for pure water reported here with the literature
values suggests that the accuracy is about + 2.0%. The solubility values
of oxygen and argon at 25, 40 and 6OOC have been plotted against LiOH
concentration in Figure 5.2-1.

Solubility of these gases decreased with temperature and LiOH
concentration as shown in the graphs. The effect is less pronounced at
higher concentrations than at lower ones.

Work on the solubility of other gases is being undertaken and

will be presented in the next report.
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TABLE 5.2-1
SOLUBILITY OF GASES IN AQUEOUS LITHIUM HYDROXIDE SOLUTIONS

Solubility x 103

Gas Temperature wt.°/LiOH g. mole/liter
Oxygen 25°%¢ 0 1.263
3.85 0.77
5.85 0.587
10.10 0.309
Sat. 0.244
40°¢ 0 1.045
1.1 0.8715
3.85 0.617
8.05 0.3633
10.1 0.265
10.5 0.247
60°C 0 0,875
1.9 0.682
3.85 0.502
8.05 0.323
10.1 0.243
Argon 25°¢ 0 1.36
1.9 1.066
3.85 0.8087
8.05 0.4496
10.1 0.329
40°¢c 0 1.11
1.9 0.896
3.85 0.7055
8.05 0.3877
10.1 0.31
60°¢c 0 0.918
1.9 0.7655
3.85 0.5816
8.05 0.3609
10.1 0.2849

60



Solubility x 103, g.mole/liter of solution

0.4

0.2

(Oxygen)

—==w= (Argon)
~
~
~
\\
- \\
\‘ ?o‘\
25°¢C RN >~ N
e » \\ \'5 \\
~ ~ .
o} ~Gt. ~ ~
40°C 7 SN
o 0O S
60°C w&
b | l | | |
0 2 4 6 8 10
Wt % LiOH
Figure 5.2-1 3Solubility of Oxvgen and Argon in LiOH Solutions

61




6.0 FUTURE PLANS

During the next period attention will be concentrated on com-
pleting diffusivity measurements for both hydrogen and oxygen in KOH
solutions at temperatures up to about 1000C and concentration up to
approximately saturation, and on the completion of solubility measure-
ments in lithium hydroxide. In addition, it is planned to attempt to
develop a more adequate theory for the diffusivity of the non-polar

gases in concentrated solutions of electrolytes.
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